as follows: any acute illness, known cancer, hepatic or renal dysfunction, heart failure (New York Heart Association III or IV), idiopathic cardiomyopathy, recent thromboembolic event (<3 months), auto immune disease, and steroid administration. Patients receiving warfarin or acenocoumarol on a long-term basis were eligible if their anticoagulation was stable within the previous 3 months.
Data on demographics, cardiovascular risk factors, and current treatment were collected from all patients using a standardized questionnaire. Diabetes was defined as a history of diabetes regardless of duration of the disease, a need for hypoglycemic agents, or fasting glycemia greater than 7 mmol/l or 126 mg/dl. CAD was confirmed angiographically (>50% stenosis in at least 1 major epicardial artery). The diagnosis of stroke was based on the World Health Orgnization criteria. Pulmonary embolism (PE) was diagnosed based on clinical presentation and documented by computed tomography scanning.
The CHA 2 DS 2 -VASc (Congestive heart failure/ left ventricle dysfunction, Hypertension, Age ≥75 years, Diabetes mellitus, previous Stroke/transient ischemic attack/thromboembolism, Vascular disease, Age 65-74 years, Sex category) score was used to assess the risk for stroke and thromboembolism in AF patients. 23 The University Ethical Committee approved the study and patients provided written informed consent.
methods Laboratory tests Fasting blood samples were drawn between 8 a.m. and 10 a.m. from an antecubital vein with minimal stasis. Creatinine, glucose, and inter national normalized ratio (INR) were assessed by standard auto mated laboratory methods. Plasma samples (9:1 of 3.2% trisodium citrate) for the analysis of fibrinolysis were centrifuged (20 min, 2500 g) within 30 minutes of collection, immediately frozen, and stored in aliquots at -80ºC. Fibrinogen and C-reactive protein (CRP) were measured by latex nephelometry (Dade Behring, Marburg, Germany). D-dimer was determined by an enzyme-linked immunosorbent assay (ELISA; American Diagnostica, Stanford, Connecticut, United States). Plasma α 2 AP and plasminogen were measured by chromogenic assays (STA-Stachrom antiplasmin and STA-Stachrom plasminogen, Diagnostica Stago, Asniéres, France). Normal values in elderly patients (n = 30) for α 2 AP were 82%-142% and for plasminogen 75%-144%. Plasma PAI-1 antigen levels were measured by an ELISA (American Diagnostica). Normal values for PAI-1 were 4-34 ng/ml. Measurement of TAFI antigen was performed with an ELISA (Chromogenix, Lexington, Massachusetts, United States). Normal values for TAFI antigen were 79%-147%. Plasma TAFI activity was measured by a chromogenic assay using the AC-TICHROME® Plasma TAFI Activity Kit (American Diagnostica). Normal values for TAFI activity were 17-40 µg/ml. sTM was measured by an ELI-SA (Diagnostica Stago, Asniéres, France). Normal membrane protein expressed on the surface of endothelial cells, binds thrombin with high affinity. 10 The TM-thrombin complex also inhibits fibrinolysis by cleaving thrombin-activatable fibrinolysis inhibitor (TAFI) into its active form. 10 It has been shown that in patients with AF who experienced an acute cardiovascular or cerebrovascular event, sTM levels were significantly increased compared with AF patients without a history of such events. 8 Formation of fibrin clots relatively resistant to lysis represents the final step in blood coagulation. Fibrin clot formation and degradation are largely determined by plasma fibrinolytic potential. Fibrin is degraded primarily by plasmin which circulates as a zymogen, plasminogen.
11 However, fibrinolysis in the general population appears to be controlled predominantly by α 2 -antiplasmin (α 2 AP), PAI-1, and TAFI. 11 α 2 AP is the primary physio logical inhibitor of plasmin. 11 Elevated α 2 AP levels are independently associated with the risk of MI. 12 PAI-1 is a direct inhibitor of the plasminogen activation system but its inter action with the adhesive glycoprotein vitronectin plays a role in tissue remodeling and meta stasis. 13 High PAI-1 levels have been associated with an increased risk of coronary artery disease (CAD) and MI, probably resulting from inhibition of fibrinolysis. 13 Plasma TAFI levels are associated with the risk of deep vein thrombosis and ischemic stroke. 14, 15 Elevated TAFI concentrations and enhanced thrombin generation in hypertensive patients may contribute to atherosclerosis progression in this population.
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Clot lysis time (CLT) represents an overall plasma fibrinolytic capacity. In the general population, the main determinants of CLT are PAI-1 levels followed by plasminogen, TAFI, prothrombin, aººnd α 2 AP.
17 Hypofibrinolysis reflected by CLT in patients with venous thrombosis is predominantly associated with elevated plasma levels of TAFI and PAI-1. 17 Decreased fibrinolytic potential expressed as prolonged CLT has been reported in patients with idiopathic venous thromboembolism, peripheral arterial disease, acute coronary syndrome, or ischemic stroke. [18] [19] [20] [21] Hypofibrinolysis increases also the risk of the first MI in young men. 22 Current evidence indicates that CLT could be a marker of both venous and arterial thromboembolism. To our knowledge, CLT has not been investigated in AF patients.
The aim of the current study was to investigate CLT and its determinants with regard to thromboembolic events in patients with AF. We hypothesized that a history of thromboembolic events is linked with impaired fibrinolysis reflected by prolonged CLT in AF patients at least in part due to altered plasma pattern of PAI-1, TAFI, or α 2 AP.
PAtIEnts And mEthods Patients
We enrolled 62 consecutive patients with permanent nonvalvular AF of 6-month duration or longer. All eligible patients had electrocardiographically confirmed long-term AF. The exclusion criteria were described previously.
24 Briefly, citrated plasma was mixed with 15 mmol/l calcium chloride, 10 000 -diluted human TF (Innovin, Dade Behring), 12 µmol/l phospholipid vesicles, and 60 ng/ml recombinant tissue-type plasminogen activator (tPA) (Boerhinger Ingelheim, Germany). Turbidity of this mixture was measured at 405 nm at 37ºC. values for sTM were 1.6-3.8 ng/ml. All measurements were performed by technicians blinded to the sample status. The coefficients of intra-and inter-assay variations were <7%.
clot lysis time Fibrin CLT was measured using a tissue factor (TF)-induced lysis assay as Mean CLT was 98.4 minutes (median, 98 min; range, 59-139 min). None of the patients was at low risk for ischemic stroke (CHA 2 DS 2 -VASc score of 0), 1 subject (1.6%) was at moderate risk (score 1), and 61 patients (98.4%) were at high risk for stroke (score of ≥2). There were differences for each CHA 2 DS 2 -VASc score point in CLT (P = 0.024), PAI-1 (P = 0.022), TAFI activity (P = 0.048), and sTM (P = 0.032, all P-values for trend); all 4 variables increased with higher scores. No such trends were observed for age, TAFI antigen, plasminogen, or antiplasmin levels. CLT correlated positively with age, body mass index, PAI-1 antigen, TAFI activity, TAFI antigen, α 2 AP, and sTM (FIGurE). CLT showed an inverse correlation with plasma fibrinogen levels (FIGurE), but not with CRP. Time from the thrombotic event to blood collection was associated with plasminogen levels (Pearson's r = 0.49, P = 0.039) but not with CLT or other variables (data not shown).
There were no associations between LA diameter and the remaining variables (data not shown). The values of the LA diameter for 25 subjects were unavailable; however, no differences ] ng/ml, P = 0.049) than the remaining subjects, while PAI-1, TAFI activity, TAFI antigen, α 2 AP, and sTM did not differ between the 2 subgroups (data not shown).
Of 62 AF patients, there were 11 subjects (17.7%) with previous stroke. Among patients with previous stroke, all subjects (100%) were at high risk for ischemic stroke and 9 subjects (81.8%) were treated with VKA.
Of 62 AF patients, there were 19 subjects (30.6%) with any previous thrombotic event (stroke [n = 11], MI [n = 8], or PE [n = 3]). Among patients with any previous thrombotic event, all subjects (100%) were at high risk for ischemic stroke and 16 subjects (84.2%) were treated with VKA. There were no significant differences in demographics, risk factors, and medications between patients with previous stroke/any thrombotic event and the remaining subjects (tAbLE). The only exception was a higher proportion of patients with CAD and a higher proportion of patients taking statins in the group with previous thrombotic event (tAbLE). As shown in the tAbLE, AF patients with previous stroke or any thrombotic event had higher CLT, PAI-1, TAFI activity, sTM, and α 2 AP than the remaining subjects. AF patients with previous stroke had also higher TAFI antigen than those without a history of stroke.
dIscussIon Our study has been the first to show that AF patients with previous stroke or any previous thrombotic event are characterized by impaired fibrin clot lysis associated with higher levels of PAI-1, TAFI, α 2 AP, and sTM. The present study demonstrates that there are several similarities in determinants governing CLT in AF patients and those with venous thrombosis as well as in the general population. 17 Meltzer et al. 17 showed that hypofibrinolysis, which was explained by elevated levels of PAI-1, TAFI, plasminogen and tPA, is associated with the risk of venous thrombosis expressed as prolonged CLT. In AF patients, no effect of plasminogen was observed. We corroborated a major impact of PAI-1 and TAFI activity on We have shown higher frequency of CAD patients with AF in the group of subjects with previous thrombosis. Both AF and CAD are independently associated with prothrombotic state. 1, 31 CAD coexists in 20% to 30% of patients with AF and may lead to complications during antithrombotic treatment following coronary interventions. 32 Impaired fibrinolysis in AF patients observed in the current study confirms that prothrombotic potential of AF, in particular complicated by thromboembolism, is potent and when combined with advanced atherosclerotic vascular disease, it requires VKA in combination with antiplatelet agents.
Interestingly, we have shown that there were differences in TAFI activity between patients with and without previous stroke or any thrombotic event, but TAFI antigen level was higher only in subjects with previous stroke. It has been shown that TAFI antigen levels are elevated during ischemic stroke and associated with impaired fibrinolysis measured using a different assay. 33 To the best of our knowledge, this is the first report regarding TAFI in AF patients. Activated TAFI exerts an antifibrinolytic effect by removing C-terminal lysine residues from fibrin resulting in a decreased plasmin formation and a retardation of clot lysis. 34 This suggests an increased TAFI activation in AF patients with previous stroke or other thromboembolic event, which might represent a novel antifibrinolytic mechanism that operates in these individuals.
We reported higher α 2 AP levels in AF subjects with previous thrombosis regardless of the anticoagulation status. However, plasminogen and α 2 AP probably are not the limiting factors in fibrinolysis because they circulate at high concentrations in healthy subjects. 17 This study has several limitations. Firstly, the size of the study group and the subgroups with previous stroke and all thrombotic events was limited, and the results of such analyses should be inter preted with caution. Secondly, all laboratory measurements were performed on a single occasion. We did not measure echocardiographic para meters other than LA diameter or coagulation factors and its inhibitors, including those dependent on vitamin K, that might affect CLT.
17 However, the current study was focused on fibrinolysis and its major determinants. Finally, a prospective study with follow-up is needed to show whether prolonged CLT predisposes to arterial thromboembolism in AF patients free of prior thromboembolic manifestations.
In conclusion, AF patients with previous stroke or any thrombotic event have impaired fibrinolysis mediated by PAI-1 and TAFI. This study confirms that AF complicated by thromboembolic events involves prothrombotic abnormalities including alterations attenuating the efficiency of fibrin clot lysis.
CLT values. It should be highlighted that patients with venous thromboembolism taking VKA were excluded from the analysis of CLT in the study by Meltzer et al. 17 Our findings suggest that when INRs are up to 4, CLT shows no association with this variable. Clot structure and lysis depend to some extent on coagulation factors, including those which are decreased by VKA. 25 Recently, it has been shown that VKA treatment increases clot permeability. 26 One might expect that AF patients taking VKA should have shorter CLT. We did not observe any differences between anticoagulated patients and the remainder. Moreover, the major effect of PAI-1, which is not affected by VKA, might blunt the effect produced by decreased prothrombin, FVII, FIX or FX, in anticoagulated AF patients.
Importantly, we have demonstrated longer CLT in relation to the previous thrombotic event, in particular with stroke. The CHA 2 DS 2 -VASc score correlated with CLT and its major determinants, which supports the concept that impaired fibrinolysis reflects an increased risk of stroke and thromboembolism in AF. In addition, it might be speculated that the effect of thrombotic manifestations on CLT is potent enough to be detectable in a relatively small patient population despite varying INRs. However, the study design made it impossible to show whether prolonged CLT is a marker of thromboembolism or a consequence of this complication. Of note, CLT was not correlated with LA diameter suggesting that its associations with fibrinolysis factors likely do not reflect local prothrombotic mechanisms in the LA. Impaired fibrinolytic potential in AF patients with a history of thrombotic events appears to be a persistent characteristic of a subgroup of patients with AF. A long follow-up is needed to assess whether recurrent thromboembolic events will be observed in these patients despite a fairly stable anticoagulant therapy.
Enhanced inflammatory state typical of AF patients and reflected by increased fibrinogen and CRP levels might affect clot lysis as shown for other plasma-based lysis assays. 27, 28 In this study, concentrations of acute-phase proteins were similar in patients with a history of thromboembolism and the remainder. Moreover, no associations were found between CRP and CLT or other fibrinolytic proteins. It might be concluded that inflammation seems not to drive impairment of clot lysis in AF subjects.
It is important whether other drugs may affect clot lysis in AF patients. It has been shown that simvastatin, atorvastatin, and aspirin accelerate fibrin clot lysis using a different approach in which exogenous thrombin, together with recombinant tPA, is added to citrated plasma. 29, 30 In this study, statins were administered often in the group of AF patients with previous thrombosis, and those AF patients had also prolonged CLT. We cannot exclude that those drugs affect CLT in AF patients; however, other potent pro- 
